The Colorado Proterozoic province is separated from Archean rocks of the Wyoming province by a major structural boundary, the Cheyenne belt. Proterozoic rocks south of the Cheyenne belt are exposed in the Sierra Madre, Medicine Bow Mountains, and Laramie Range of southern Wyoming. They consist of metavolcanic units, metagraywacke, pelitic schist and gneiss, amphibolite, and felsic to mafic intrusive rocks that locally resemble rocks of central Colorado. North of the Cheyenne belt, Archean granite and gneiss of the Wyoming craton are overlain by a Late Archean and Early Proterozoic supracrustal sequence that contains quartzite, metadolomite, phyllite, and subordinate metavolcanic rocks. The eugeoclinal character of the metamorphic rocks south of the Cheyenne belt contrasts sharply with the dominantly siliciclastic supracrustal rocks north of the Cheyenne belt. Although specific sequences south of the belt have not yet been correlated between the Sierra Madre, Medicine Bow Mountains, and Laramie Range, similarities in age, lithology, and major element chemistry suggest that they are part of a single geologic terrane.
others (1982) as shear zones striking northeast and dipping 55O southeast. They suggested that these shear zones may mark the boundary between Archean and Proterozoic rocks. Bouguer gravity profiles across the Cheyenne belt show a southward gradient boundary was renamed the Cheyenne belt by Houston and others (1979) . The intent of this review paper is to describe briefly the general rock types and structures within and south of the Cheyenne belt in the Sierra Madre and Medicine Bow Mountains of southern Wyoming and to establish the northern boundary of the Colorado Proterozoic province (Bickford and others, 1986) , where Tweto did much of his work. The reader is referred to more detailed papers by Hills and Houston (1979) , Karlstrom and Houston (1984) , Johnson and others (1984) , and Duebendorfer and Houston (1986 Houston ( , 1987a for evidence used to define the margin and formulate a model for its development.
Recent geochronologic work continues to indicate that Archean rocks are absent south of the Cheyenne belt. Results from U-Pb zircon geochronology (Premo and Van Schmus, 1982; Premo, 1984a, b) are consistent with those of Hills and Houston (1979) and Hedge (in Karlstrom and others, 1981) north of the Cheyenne belt, but substantially refine earlier work of Hills and others (1968) and Divis (1976) south of the Cheyenne belt. The oldest reliable data obtained south of the Cheyenne belt is 1,791 zk 15 Ma on a relatively undeformed metavolcanic rock of the Green Mountain Formation of the south-central Sierra Madre (Premo and Van Schmus, this volume) . Rocks older than 1,800 Ma have not been recognized south of the Cheyenne belt, and Sm-Nd studies support the earlier conclusion of DePaolo (1981) that crustal residence times for rocks of the Colorado Proterozoic province do not exceed 1,800 Ma (Nelson and DePaolo, 1985) . Dates on Proterozoic rocks south of the Cheyenne belt are summarized in Table 1. COCORP reflection profiles across the Laramie Range and Laramie Basin show reflectors interpreted by Allmendinger and with gravity values to the-north as much as 100 milligaG higher than values to the south. These data are consistent with a thicker and/or more felsic crust south of the Cheyenne belt, but Johnson and others (1984) favor the former interpretation as it is more consistent with results of refraction studies (Prodehl and Pakiser, 1980) .
PRECAMBRIAN ROCKS NORTH OF THE CHEYENNE BELT
Late Archean (2,900 to 2,500 Ma) rocks north of the Cheyenne belt include a greenstone belt in the Laramie Mountains (Graff and others, 1982) and metasedimenary rocks that overlie crystalline basement in the Sierra Madre, Medicine Bow Mountains, and Hartville Uplift. The metasedimentary successions contain mature quartzite, metagraywacke, slate, phyllite, and iron formation and are transitional in lithology between typical Archean greenstone-belt assemblages and Early Proterozoic, quartz-rich miogeoclinal sequences (Karlstrom and others, 1981) .
Early Proterozoic metasedimentary successions are exposed in the Sierra Madre and the Medicine Bow Mountains (Fig. 2) . The Snowy Pass Supergroup of the Medicine Bow Mountains is a quartzite-dominated miogeoclinal succession approximately 10,000 m thick (Houston and others, 1968; Karlstrom and others, 198 1) . These sedimentary rocks record transgressive depositional conditions from dominantly fluvial, through shallow marine (deltaic), to deeper water marine deposition. The sequence is cut by numerous tholeiitic gabbro sills and dikes. A small, K-feldsparpoor, plagioclase-rich intrusion, which is spatially associated with and interpreted as a differentiate of the mafic dikes that cut part of the succession (Karlstrom and others, 1981) , yielded a Rb-Sr whole-rock date of 2,000-2,150 Ma (Hedge, personal communication, 1982) . The Snowy Pass Supergroup may record an Early Proterozoic rifting event reflected by the tholeiitic intrusive activity (Karlstrom, 1981; Karlstrom and others, 1983; Karlstrom and Houston, 1984) .
PROTEROZOIC METAMORPHIC ROCKS SOUTH OF THE CHEYENNE BELT
Proterozoic metamorphic rocks south of the Cheyenne belt include metavolcanic rocks, metagraywacke, metapelite, arnphibolite, hornblende gneiss, calc-schist, and marble. Where protoliths can be determined, rocks south of the Cheyenne belt are eugeoclinal in contrast to the dominantly miogeoclinal rocks to the north. The character of the basement upon which rocks south of the Cheyenne belt were deposited is not known. Due to metamorphism and deformation, stratigraphic relationships of these rocks have not been determined. Several ages or rock successions may be present. Pallister and Aleinikoff (1987) .
Medicine Bow Mountains
The dominant rock in the south-central Medicine BOW Mountains is dark gray, quartz-biotite-andesine gneiss (Fig. 2) . The gneiss interfingers southward with a heterogeneous S U C mof matic, pelitic, and calcareous gneisses. The latter succes-"pn crops out in a 5-to 8-km-wide band that extends entirely (Houston and ethers, 1968) . Amphibolite ranges in thickness from one to several meters and locally crosscuts the gneiss, indicating that the amphibolite represents deformed and recrystallized dikes or sills of undetermined
The most northerly block within the Cheyenne belt proper is a sequence of amphibolite-grade gneiss, which in the eastern Medicine Bow Mountains, includes laminated quartzofeldspathic gneiss, migrnatitic hornblende augen gneiss, and amphibolite (metagabbro; Fig. 3 ). Gneisses are granodioritic or tonalitic and the augen gneiss falls within the calc-alkaline field on several major-element plots (Duebendorfer, 1986 South of the northern gneissic block (Fig. 3) is a mhatitic gneiss, sillimanite-garnet schist, and hornblenge gneiss terrane, which probably represents an. original sequence of graywacke, impure siltstone, shale, and volcanogenic sedimentary rocks of intermediate to mafic composition. Mineral assemblages are diagnostic of the sillimanite-K-feldspar zone of the amphibolite facie (Duebendorfer, 1986) ., Associated granitic sib, dik irregular bodies are corundum-normative and high1 nous, indicating that the igneous companent of the may owe its origin to partial melting of the pelitic metasedimeo, gLL tary rocks. These are the highest grade rocks recognized d 2 the Cheyenne belt in Wyoming.
.-
Sierra Madre
Metavolcanic rocks south of the Cheyenne belt are better preserved in the Sierra Madre (Fig. 2) . The least deformed meuvolcanic rocks, exposed in the Fletcher Park and Huston Park Granodiorite, which may be comagmatic with the metavolcanic rocks, yielded an age of 1,779 * 5 Ma. Zircons from the Big Creek Gneiss yield an age of 1,618 * 22 Ma (Premo and Van Schmus, this volume), which may represent the age of a highgrade thermal event.
Four distinct, but narrow, lithotectonic blocks are present within the Cheyenne belt in the eastern Sierra Madre (Fig. 4) . From north to south, these include Archean granite gneiss and associated supracrustal rocks; compositionally banded granodiorite and tonalite gneiss of undetermined age; a block containing sillimanite-garnet schist and hornblende gneiss, and a hornblende gneiss-mafic plutonic terrane. These rocks are lithologically similar to rocks exposed within the Cheyenne belt in tlie Medicine Bow Mountains, are bounded by major mylonite zones, and appear in the same north-south progression as do the blocks in the Medicine Bow Mountains. These observations support the inference that the Cheyenne belt, as a lithologic and structural feature, is correlative between the two ranges.
Laramie Mountains
Metamorphic rocks are exposed locally in the Laramie Mountains south of the projected position of the Cheyenne belt. North and southwest of Granite, Wyoming (Fig. 2) , metavolcanic rocks very similar to those of the central and southwest Sierra Madre and Centennial Ridge (west of Centennial, Wyoming) in the Medicine Bow Mountains are exposed in a northnortheast-striking strip. These metavolcanic rocks have wellpreserved relict textures and structures, and range from basalt to rhyodacite, but contain a higher proportion of felsic rocks than the volcanic sequences of the Sierra Madre or Medicine Bow
Mountains. These rocks extend south to within 3 to 5 km of the Colorado border where they grade into quartz-biotiteplagioclase gneiss with some interlayered hornblende gneiss, biotite-microcline-quartz gneiss, and amphibolite (Darton and others, 1910) . This latter sequence appears largely metasedimentary, but probably includes a metaigneous component represented by amphibolite and biotite-microclinequartz gneiss.
Patches of metamorphic rocks, largely pelitic schists, are present in the south-central Laramie Mountains (Fig. 2) , and metasedimentary rocks also crop out in the Richeau Hills (Figs. 1 and 2; Mueller, 1982) . The metasedimentary rocks of the Richeau Hills are intruded by granites of possible Archean age (G. L. Snyder, personal communication, 1985) .
None of the metamorphic rocks of the southern Laramie Mountains has been dated, but based on lithologic similarities the metavolcanic rocks probably correlate with those of the Sierra Madre and Medicine Bow Mountains, and thus may be Early Proterozoic. The age of the metasedimentary rocks is undetermined.
Smaller bodies of mafic intrusive rock ranging in width from a few to nearly 1,000 m are common south of the Cheyenne belt in all three ranges. Metagabbro dominates, but olivine metagabbro, metadiorite, and metapyroxenite are also present. Most mafic bodies have been largely or completely converted to amphibolite.
The tectonic significance of the mafic complexes remains obscure. Their chemical and mineralogical characteristics, and occurrence near the Cheyenne belt, suggest that they may be tectonically emplaced remnants of the lower parts of magmatic arcs Karlstrom and Houston, 1984; Pallister and Aleinikoff, 1987) .
PROTEROZOIC PLUTONIC ROCKS SOUTH OF THE CHEYENNE BELT

I
Mafic plutonic rocks
Three large mafic bodies crop out south of the Cheyenne belt in southern Wyoming and northern Colorado (Fig. 2) . In the Medicine Bow Mountains, these include the Lake Owen Mafic Complex and the Mullen Creek Mafic Complex, two large (60 to 125 km2) layered gabbroic complexes. A date of 1,777 k 4 Ma by U-Pb determination on zircons has been obtained from the Horse Creek Granite, which cuts the Mullen Creek Mafic Complex (Premo and Van Schmus, this volume) .
The Lake Owen Mafic Complex of the eastern Medicine Bow Mountains has been tilted to expose as much as 4.5 km of interlayered norite, gabbro, troctolite, and anonhosite. It is divided into three major cycles, which are distinguished on the basis of differences in lithology, igneous structures, and major-element compositional trends (Houston and Orback, 1976) . The Mullen Creek Mafic Complex of the western Medicine Bow Mountains is compositionally similar to the Lake Owen Mafic Complex, but is highly disrupted and invaded by granite sills, dikes, and irregular pods. Since the granite is largely confined to the Mullen Creek Complex and is older than most granite south of the Cheyenne belt, it may be comagmatic with the rocks of the complex.
A body of non-layered gabbro, the Elkhorn Mountain Gabbro (Snyder, 1980) , crops out in a 125-km2 area in the Sierra Madre and adjacent parts of the Park Range in northern Colorado. Snyder reported a U-Pb zircon age of 1,781 Ma (Hedge, in Snyder, 1980) for this body; Pallister and Aleinikoff (1987) report overlapping U-Pb zircon ages of 1,774 * 2 Ma, 1,769 i 6 Ma, and 1,768 * 8 Ma for intrusive rocks that cut, and inclusions within, the Elkhorn Mountain Gabbro. The Elkhorn Mountain Gabbro, which includes hornblende-clinopyroxene-biotite gabbro, hornblende-biotite gabbro, hornblende gabbro, and porphyritic feldspar amphibolite (Snyder, 1980) , is compositionally more homogeneous than either the Lake Owen or Mullen Creek Mafic Complexes. Medium grain size and diabasic texture suggest emplacement at relatively shallow tectonic levels. According to Snyder (personal communication, 1984) , the average composition of eight samples from the Elkhorn Mountain Gabbro is that of high-Al basalt.
Intermediate plutonic r&
The Encampment River Granodiorite in the Sierra Madre and the Keystone Quartz Diorite in the Medicine Bow Mountains are distinctive plutonic rocks with similar mineralogic and chemical characteristics. The Encampment River Granodiorite intrudes metavolcanic rocks of the central Sierra Madre and contains abundant metavolcanic inclusions. The Keystone Quartz Diorite contains abundant highly altered inclusions that are probably mafic volcanic rocks (Houston and others, 1968 Pallister and Aleinikoff, 1987) . Overall geologic relationships suggest a deeper level of exposure in the southern Medicine Bow Mountains and the southeastern Sierra Madre than elsewhere. This might explain the higher proportion of mafic rocks and the greater intensity of deformation and metamorphism in these areas.
Pekic plutonic rocks
Granite and minor quartz monzonite cut metavolcanic and metasedimentary rocks, mafic plutonic rocks, and rocks of the granodiorite-tonalite suite. The felsic intrusive rocks make up about 50 percent of the outcrop area of the Sierra Madre, where they are referred to as the Sierra Madre Granite (Divis, 1976) . Felsic plutonic rocks have also been recognized in the Medicine Bow Mountains. These include two-mica, pera~umiaous granite, and leucogranite of Mullen Creek, which extends northeastsouthwest in a discontinuous band across the Medicine Bow Mowtains ( Fig. 3 ; Duebendorfer, 1986 
Post-kinematic plutonic rocks
A later magmatic event, apparently confined to the Sierra Madre, is represented by a white, coarse-grained quartz m o m nite and associated pegmatite. A sample of thisquartz monzonite, which intrudes both the Sierra Madre Granite and the supracrustal rocks, yielded a U-Pb zircon date of 1,627 f 4 Ma (Fkemo and Van Schmus, this volume). Both the zircon morphology and the peraluminous character (Divis, 1976) suggest an origin by partial melting of supracrustal rocks and perhaps prsexisting igneous rocks.
The Laramie Anorthosite is a major massif-type anorthosite exposed in the central Laramie Range (Fig. 2) . It occurs in two masses, a large, north-striking, antiformal body exposed over s 760-km2 area and a smaller (60 krn2), east-northeast-trending body. Two positive magnetic anomalies in the Laramie Basin west of the exposed anorthosite suggest that it extends beneath Phanerozoic cover 30 km to the southwest. The omorthositic core of the larger body is rimmed by noritic anorthosite (Hagner, 1968) and bordered on the northwest by a large, crescent-shaped mass of syenite (Newhouse and Hagner, 1957) . Gravity (Hodge and others, 1973) and seismic data (Allmendinger and others, 1982) indicate that the anorthosite is a 4-to 5-km-thick slab, possibly floored by granite. Studies of the crystaIlization conditions of ferrosyenite associated with the anorthosite (Bochensky and Frost, 1982) suggest an emplacement depsh of 7 to 9 km. Syenite that ,is grDbably comagrnatic with the Laramie Anortho-. 
STRUCTURE OF THE CHEYENNE BELT
In the Medicine Bow Mountains, where it is best exposed, the Cheyenne belt is a 1-to 7-km-wide m e of penetrative ductile deformation that includes parts of three, possibly four, tectonic bl&- (Fig, 3; McCallum, 1964; Duebendorfer and Houston, 1986,1987a) . These blocks are separated by 50-to 200-m-wide, northeast-striking, subvertical to steeply southeast-dipping mylonite zones. The blocks exhibit successively higher grades of metamorphism to the south, from the chlorite zone of the greenschist facies in the north to the sillirnanite-K-feldspar mne of the aanphibolite Eaeies in the south. Increases in metamorphic grade occur abruptly across the mylonite zones, suggesting south-sideup juxtaposition of blocks that originated at difkrent crustal levels. This interpretation is strmgtbned further by the presence of an inverted mhmorpl4c gradient in the supracrustal rocks directly north of the Cheyenne belt in the eastern Medicine Bow Mountains (Duebendorfer, 1988) .
Within the Sierra Madre, the Cheyenne belt can be divided into an eastern, northwest-to northeast-trending segment (Fig. 4) and a western, eastwest-trending segment. The eastern segment, like its counterpart in the Medicine Bow Mountains, consists of three mylonite zones separating four distinct tectonic blocks, which may be broadly correlative with rocks in the Medicine Bow Mountains. The zone of deformation, which includes the mylonite zones as well as penetratively deformed and undefonned areas within individual tectonic blocks, ranges from 0.5 to 2.0 km in width.lThe western segment cansists largely of a single shear zone 20 to 100 m wide. With the exception of localized pods .of ductilely deformed gneiss, rocks of this segment are cataclastic. In addition, supracrustal rocks north of the shear zone are weakly deformed, with relict bedding clearly evident. This contmts with the strongly transposed character of correlative rocks
The parallelism of planar and linear fabric elements across north of the shear zone in the Medicine Bow Mountains. These the entire Cheyenne belt suggests that these structures developed collectively suggest that much of the ductile defor-in response to the same deformational event. The argument is mation zone within the eastern Sierra Madre was removed by a more compelling when ofie considers that, with increasing dislater brittle event and that the present east-west trend may not tance north of the Cheyenne belt, regional foliation lies at high reflect the initial orientation of the Cheyenne belt in the western angles to the subvertical fabric of the Cheyenne belt. This implies Sierra Madre.
that pre-existing fabrics have been rotated due to high strains The blocks and mylonite zones in both ranges exhibit evi-associated with mylonite development. This is further substandence for a complex polyphase deformation history involving tiated by steepening of fold axes and associated hinge-line arcuadevelopment of penetrative fabrics, mylonite, and cataclasite. tion near the mylonite zones. The following observations of Two main events involving ductile deformation have been doc-macroscopic structure support a hypothesis of early thrusting a-s a umented (Duebendorfer and Houston, 1986,1987a, b) , an early mechanism for juxtaposition of contrasting terranes across the phase of north-northwest-directed thrusting and a later phase of Cheyenne beIt: (1) (3) Juxtaposition lonitic fabric; a strong, subvertical, penetrative mineral elongation along mylonite zones of blocks representing successively deeper lineation; and variably plunging, southwest-to northeast-trending crustal levels (i.e., increase in metamorphic grade to the south) is folds (Duebendorfer and Houston, 1986, 1987a, b) . Directly consistent with northwestdirected thrusting. (4) Systematic study north of the Cheyenne belt in the Medicine Bow Mountains, of micr06~0pic sense-of-shear indicators in rocks adjacent to and rocks of the Snowy Pass Supergroup are folded into a macro-within the Cheyenne belt in both ranges indicates a south-side-up scopic, overturned, steeply northeast-plunging syncline, the south shear sense (Duebendorfer and Houston, 1987a, b) . (5) Quartz limb of which is cut by a southeast-dipping thrust fault that fabric analysis on mylonitic quartzites from both the Medicine deletes at least 3 km of section (Fig. 3) . North of the northern-Bow Mountains and the Sierra Madre indicates north-directed most mylonite zone of the Cheyenne belt in both ranges, meso-tectonic transport (Duebendorfer, 1986 ; Duebenforder and scopic structures-including steeply plunging isoclinal folds, Houston, 1987b) . Equilibrium mineral assemblages associated mullion structures in quartzites, and a subvertical mineral elonga-with development of principal fabric elements indicate deformation lineation-are strongly developed in both Archean crystal-tion under low-to middle-amphibolite-facies conditions. This line and associated supracrustal rocks.
estimate is consistent with garnet-biotite geothermometry on synRocks within the Cheyenne belt south of the northern my-kinematic minerals, which indicates that deformation occurred at lonite zone in the western Medicine Bow Mountains and eastern temperatures of at least 475OC (Duebendorfer, 1986 ; DuebenSierra Madre also exhibit a penetrative, subvertical mineral elon-dorfer and Houston, 1987a 1973, 1977) , the northern Sierra Nevada (Moores and Day, 1984; Day and others, 1985) , and other orogenic belts (Burke and others, 1975) , and may be typical of convergent zones.
On the basis of U-Pb zircon geochronology (Premo and Van Schmus, this volume) on the lake synkinematic Sierra Madre Granite, we infer that the main phase of thrusting occurred prior to 1,750 Ma.
Late strike-slip (Dd Within the Medicine Bow Mountains, the early, penetrative, subvertical mineral lineation is overprinted by a nonpenetrative, localized, subhorizontal slickenside lineation defined by synkinematic chlorite and epidote, suggesting deformation at conditions characteristic of the greenschist facies. These are associated with kink folds, which have a consistent z-shaped down-plunge profile and locally break into minor ductile faults that exhibit consistent dextral offset. Retrograde assemblages (chlorite and epidote) associated with these ductile shears indicate development under lower greenschist-facies conditions. The steeply plunging nature and consistent dextral asymmetry of the folds suggest that they developed in a zone of dextral strike-slip translation. Microscopic kinematic indicators also indicate a dextral shear sense (Duebendorfer and Houston, 1987b) . Strike-slip faulting in the Medicine Bow segment of the Cheyenne belt appears to have been localized along the northern and southern mylonite zones.
Nonpenetrative subhorizontal lineations, similar to those of the Medicine Bow segment, are present, but less well developed in the eastern segment of the Cheyenne belt in the Sierra Madre. Dextral kink folds have not been recognized within the Sierra Madre; however, macroscopic and microscopic kinematic indicators in pre-D2 granitoids suggest dextral shear (Duebendorfer and Houston, 1987b) .
The age of the strike-slip event is bracketed only between the inferred date of thrusting (1,750 Ma) and the age of the undeformed Sherman Granite (1,385 to 1,420 Ma).
SUMMARY
Rocks south of the Cheyenne belt in Wyoming comprise a heterogeneous assemblage of metasedimentary and metavolcanic units intruded by several generations of felsic to mafic plutonic rocks. The eugeoclinal character of the southern metamorphic assemblage contrasts sharply with the miogeoclinal nature of the supracrustal rocks north of the Cheyenne belt.
! and Others
Although specific sequences south of the Cheyenne belt in the Sierra Madre, Medicine Bow Mountains, and the Laramie Range have not yet been definitively correlated, similarity in lithologic character, age, and major element geochemistry (where available) suggest that these ranges constitute part of a single geologic province.
Geochronological evidence from plutonic rocks, combined with geologic observations, suggest the following history for rocks south of the Cheyenne belt in southern Wyoming. (1) An early, volcaneplutonic event involving development of early (1,790 Ma) arc volcanics and associated caloalkaline granodiorites and quartz diorites on non-Archean, probably oceanic, crust. The roots of these arc volcanic rocks may be represented by the large mafic complexes south of the Cheyenne belt. (2) Deformation of the above sequences, probably related to thrusting (Dl) along the Cheyenne belt between 1,780 and 1,750 Ma. (3) Latesynkinematic granitic plutonism (1,750 Ma) that may represent melts derived from crustal thickening during thrusting. These rocks record the latest deformation associated with thrusting. (4) Dextral strike-slip movement along the Cheyenne belt.
(5) Post-kinematic intrusion of quartz monzonite and pegmatite. The temporal relationship between (4) and (5) is undetermined.
Macroscopic structure and microscopic kinematic indicators within the Cheyenne belt suggest that juxtaposition of this southern province against the Archean Wyoming province was accomplished primarily by large-scale thrusting. Following accretion of individual blocks, the boundary zone was steepened and reactivated locally during a period of distributive strike-slip movement. It is not clear whether the two deformations represent separate, distinct tectonic events or different stages of a single protracted event perhaps related to oblique collisions, as suggested by Duebendorfer and Houston (1987a) . Presence of similar lithologies and shear zones south of the Cheyenne belt in southern Wyoming and northern Colorada suggests that the southern margin of the Wyoming craton may have been a longlived zone of crustal accretion.
